This study aimed to find correlations between blood glucose and urea levels and the duration of postpartum period (PPP), number of services per conception (S/C), open period (OP), conception rate (CR) to first service, and the overall CR in 80 multiparous cross-bred dairy cows. The two metabolites were measured 1, 4, 7, 10, and 13 weeks postpartum. The CR to first service and overall CR were 13.8% and 42.8%, respectively. Based on S/C, three groups were identified: Group 1 (G-1) (n = 11) consisting of cows that conceived from first service; G-2 (n = 46) representing cows that needed two inseminations to conceive; and G-3 (n = 23) consisting of repeat breeders (RB). G-1 represented 13.8%, with PPP and OP shorter than cows in G-2 and in G-3, and had blood glucose levels 17.5% and 27.9% higher than levels in G-2 and in G-3, respectively. Until the 7th week postpartum, blood levels of urea were higher in G-1 and lower in G-3. However, in the 10th and 13th weeks postpartum, results were reversed. The PPP, S/C, and OP were negatively correlated with blood glucose over the study period and with blood urea at the first seven weeks postpartum. However, these traits were positively correlated with blood urea measured at 10 and 13 weeks postpartum. It can be concluded that, from this study, maintaining high blood glucose until the 13th week postpartum, high blood urea during the first 7 weeks postpartum, and low blood urea during the 10th and 13th weeks postpartum were associated with good fertility in dairy cows. ______________________________________________________________________________________
Introduction
Dairy cows go into negative energy balance (NEB) for several weeks postpartum, which leads to excessive tissue fat mobilization to meet increased energy demands for milk production. The NEB during the early postpartum period leads to a higher risk of suboptimal milk yield, infectious disease, metabolic disorders, and infertility (Roxtrön et al., 2001; Wathes et al., 2009; Rzewuska et al., 2011; Tanaka et al., 2011; Esposito et al., 2014) . Infertility due to prolonged postpartum anoestrous is attributed directly to NEB (Lyimo et al., 2004) . Therefore, the early postpartum period in dairy cows has been considered a critical period and a major concern in dairy cattle farming. The metabolic profile of dairy cows is a useful tool that is used in dairy cattle farms to assess the nutritional and health states of the herd. Measurement of blood glucose levels in lactating cows during the early postpartum period is important because they undergo increased demand for glucose to meet the requirements for milk production as glucose is a major component of cow's milk and regulates the concentrations of other blood metabolites (Lucy, 2001) . Measurement of blood urea is important in dairy practice as it indicates the adequacy of the diet and nitrogen utilization efficiency in dairy cows and offers an approach to examining the protein status of rations fed to dairy cows (Elrod & Butler, 1993) .
Normal blood glucose and urea levels in dairy cows vary within breeds, countries and geographical locations (Kappel et al., 1984; Mapfumo & Muchenje, 2015) . Studies on the relationships between blood glucose and urea levels and reproductive performance of dairy cows represent areas of controversy (Ingvartsen et al., 2003; Mulligan et al., 2006; Moore et al., 2014) . The metabolic profile of dairy cows with fertility problems may remain within normal ranges (Jones et al., 1982; Plym et al., 1991) . However, Whitaker et al. (1993) , in their works in various countries, have reported that the median interval between calving and the onset of cyclicity was shorter and conception rates were higher for cows with better energy status at 7 and 14 days after calving. This situation was not repeated when the cow's energy status was assessed as better at 21 days after calving or at the time of service. Positive relationships between blood glucose level and high conception rate have been reported (Miyoshi et al., 2001; Garverick et al., 2013) . Blood urea level exceeding 6.7 mmol/L is believed to be detrimental to fertility in dairy cows (Butler et al., 1996) . However, both high and low circulating urea concentrations have been reported to be associated with decreased fertility in dairy cows through indecisively defined mechanisms (Laven & Drew, 1999; Wathes et al., 2007) . Blood urea levels among RB dairy cows have been reported as being higher than levels in fertile cows owing to unclear mechanisms (Pandey et al., 2009) . However, Amle et al. (2014) stated that blood urea nitrogen did not differ in RB and normally cycling cross-bred dairy cows in India. On the contrary, Ali et al. (2014) related that a group of non-pregnant dairy cows exhibited comparatively lower blood urea levels compared with a pregnant group. Among the explanations for the mechanisms by which urea can affect the fertility of dairy cows, Elrod & Butler (1993) reported that feeding high rumen degradable protein to heifers results in increased blood urea nitrogen concentration and decreased uterine pH, which adversely affect the motility and viability of sperms and hence the pregnancy rate. Kurykin et al. (2011) suggested that the causes of repeat breeding in dairy cows may include impaired oocytes and increased blood urea levels because they found morphological abnormalities in oocytes in repeat breeding cows, along with increased blood urea levels. In Sudan, there is little published information on the blood glucose and urea concentrations in cross-bred dairy cows under the tropical conditions of this country (Alameen et al., 2014) . This study, according to the authors' knowledge, is the first of its kind in the Sudan. Therefore, the objective of this study was to study the relationships and correlations between blood glucose and blood urea levels during the early postpartum period and certain fertility traits of cross-bred dairy cows in the Sudan.
Materials and Methods
A total of 80 clinically healthy cross-bred (Holstein Friesian x Zebu cattle) multiparous (2 to 4 parities) dairy cows that calved between 1 January 2003 and 30 June 2004, aged 5-8 years, were allotted to this study. The cows were selected from five small dairy herds in Khartoum State, Sudan. The mean herd size was 15.5 ± 4.3 cows, ranging from 11 to 22 cows. The barns were constructed from iron poles and corrugated iron sheets, which provided inadequate shade. Two types of feed were provided: green fodder, Medicago sativa, which was provided ad libitum twice a day; and a concentrate, which was provided two times a day as 10 kg/cow/day, with free access to drinking water. One bull per herd with known fertility records moved within the herds and natural breeding was practised.
During the study, all selected cows (n = 80) were monitored for their reproductive behaviour from the day of parturition until the next pregnancy was confirmed by rectal palpation. Certain fertility traits were monitored, including PPP, which was determined by counting the days from the day of parturition to the day of observable oestrous signs for each cow; S/C, which was the number of services required for pregnancy for each cow; and OP, which was determined by counting the days from calving to the date of non-return oestrous for each cow, and the average was calculated. The date of non-return oestrus in cows that were was later diagnosed pregnant was regarded as the date of conception. Diagnosis of pregnancy was carried out by rectal palpation between 60 and 90 days after mating. The CR to first service was calculated by dividing the number of cows that conceived from the first service by the total number of cows inseminated. The overall CR was calculated by dividing the number of pregnant cows by the total number of matings. Based on S/C, cows were categorized into three groups. Group 1 (G-1) represented cows that conceived from the first service. Cows in G-1 were identified as first service non-return (FSN) cows. G-2 represented the cows that needed two services to conceive. G-3 represented cows that needed three or more services to conceive. Cows in G-3 were identified as RB. Five blood samples were collected from each cow at threeweek intervals (1, 4, 7, 10, and 13 weeks postpartum). Each blood sample was put into a plain tube for serum separation. The separated sera were stored at -20 ˚C until assayed for blood glucose and urea concentrations. For glucose, an enzymatic method (Trinder, 1969) using colorimetric techniques was applied according to the manufacturer's instructions. In this method, glucose was oxidized by glucose oxidase to gluconate and hydrogen peroxidase. To determine blood urea, urea in the serum samples was hydrolysed enzymatically into ammonium and carbon dioxide. The ammonium ions that are formed react with salicylate and hypochlorite in the presence of the catalyst nitroprusside to form a green indophenol (Chaney & Marbach, 1962) .
Data were analysed with IBM SPSS software package for statistics 22 for Windows. Data were presented as means and standard deviation (SD). Descriptive statistic was applied to determine the means and SD of the means. Paired T test and one-sample test were used to compare means. Significant differences were considered when P-value ≤0.05. Linear regression analyses were used to identify the relationships between glucose and urea levels in blood samples collected during the study period and PPP, S/C and OP.
Results
The results obtained for fertility traits (PPP, S/C and OP) for the 80 multiparous cross-bred dairy cows are illustrated in Table I . Cows that conceived from the first service (n = 11) 5 Cowsthat needed two services to conceive (n = 46) 6 Cows that needed ≥3 services to conceive (n = 23) abcd Means bearing different superscript on the same row differ significantly at P ≤0.0001
The overall means of PPP, S/C, and OP reported in this study were 85.7 ± 21.0 days, 2.3 ± 1.0 days, and 113.7 ± 25.5 days, respectively. The FSN cows were 11(13.8%), whereas 46 cows (57.5 %) needed two services to conceive, and 23 cows (28.75%) were repeat breeders. The PPP, S/C, and OP values for cows in G-1 (FSN cows) were 69.6 ± 16.4 days, 1.0 ± 0.0, and 69.6 ± 16.4 days, respectively. Cows in G-2 had PPP, S/C, and OP of 79.5 ± 15.6 days, 2.0 ± 0.0, and 113.2 ± 13.5 days, respectively. The PPP, S/C, and OP for cows in G-3 were 103.5 ± 19.8 days, 3.6 ± 0.8, and 132.6 ± 20.4 days, respectively. The FSN cows had shorter (P <0.0001) PPP and OP than cows in G-2 and cows in G-3. Cows in G-2 had significantly (P <0.0001) shorter PPP and OP than cows in G-3. CR to first service was 13.8%. CR among repeat breeders was 27.7% (23 cows/83 services), which was lower than the overall CR (42.8 %, 80 cows/187 services). Table 2 shows the mean glucose and urea levels in the three groups during the study period. Mean blood glucose and urea levels were measured at 1, 4, 7, 10, and 13 weeks postpartum in the three groups and compared. Blood glucose levels measured at one week postpartum did not differ (P >0.4) from levels measured at four weeks postpartum, but the levels measured in these two first sampling intervals were significantly (P <0.0001) lower than the levels measured at 7, 10, and 13 weeks postpartum in the three groups. Glucose levels measured 7, 10, and 13 weeks postpartum did not differ (P >0.2) in any group. The mean blood glucose levels measured in cows in G-1 over these periods were significantly higher (P <0.0001) than the levels in G-2 and in G-3 for the same sampling intervals. However, the levels measured in cows in G-3 during the five sampling periods were significantly (P <0.0001) lower than the levels in FSN cows and in G-2.
Blood urea levels measured one week postpartum did not differ (P >0.4) compared with levels measured at four weeks postpartum in G-1 and G-2. However, in G-3, the levels of this metabolite measured one week postpartum was significantly (P <0.0001) lower than the level measured at four weeks postpartum. The result of blood urea levels measured 7, 10, and 13 weeks postpartum revealed fluctuating levels in the three groups. In G-1, the level measured four weeks postpartum did not differ (P = 0.087) compared with the level measured seven weeks postpartum. The level measured seven weeks postpartum was higher (P = 0.005) compared with the level measured 10 weeks postpartum, whereas the level measured 10 weeks postpartum did not differ (P = 0.06) from the level measured 13 weeks postpartum. In G-2, the level measured four weeks postpartum was lower (P = 0.003) compared with that measured 7 weeks postpartum, whereas this last level was close (P =1.00) to the level measured 10 weeks postpartum, and the latter level did not differ (P = 0.342) from the level measured 13 weeks postpartum. Mean blood urea levels measured in cows in G-1 (FSN cows) at 1, 4, and 7 weeks postpartum were significantly (P <0.0001) higher than those measured in G-2 and in G-3 at the same sampling periods. However, at 10 and 13 weeks postpartum, the levels in G-1 were significantly (P <0.0001) lower than those measured in G-2 and in G-3.
The correlations between blood glucose and blood urea levels measured during the study period, with PPP, S/C and OP, are as shown in Figures 1, 2, 3, 4 , 5, and 6. Negative correlations (P <0.0001) were found between blood glucose levels and PPP in samples collected 1, 4, 7, 10, and 13 weeks postpartum (Pearson correlations were -. 773, -.746, -.405, -.456, and -.464, respectively) , between blood glucose levels and S/C in samples collected 1, 4, 7, 10, and 13 weeks postpartum (Pearson correlations were -.616, -.620, -.477, -.557, and -.599, respectively) and between blood glucose levels and OP in samples collected 1, 4, 7, 10, and 13 weeks postpartum (Pearson correlations were -.656, -.679, -.664, -.709, and -.772, respectively) ( Figures  1, 2, and 3) . Negative correlations (P <0.0001) were found between blood urea levels and PPP in samples collected 1, 4, and 7 weeks postpartum (Pearson correlations were -.868, -.788, and -.811, respectively); between blood urea levels and S/C in samples collected 1, 4 and 7 weeks postpartum (Pearson correlations were -.535, -.495, and -.448, respectively); and between blood urea levels and OP in samples collected 1, 4, and 7 weeks postpartum (Pearson correlations were -.651, -.600, and -.604, respectively). However, positive correlations (P ≤0.001) were observed between blood urea levels and PPP in samples collected 10 and 13 weeks postpartum (Pearson correlations were .354 and .382, respectively); between blood urea levels and S/C in samples collected 10 and 13 weeks postpartum (Pearson correlations were .832 and .767, respectively); and between blood urea levels and OP in samples collected 10 and 13 weeks postpartum (Pearson correlations were .379 and .427, respectively) ( Figures 4, 5 and 6 ). 
Discussion
Maintenance and optimization of reproductive efficiency of a dairy herd is a continuous challenge to dairy farmers, especially when genetic improvement programmes are adopted to increase milk production (Muller et al., 2000; Lucy, 2001; Walsh et al., 2011) . Although many of the reproductive problems in dairy cows result from diseases such as uterine infections (Bell & Roberts, 2007; Sheldon et al., 2008; Esalami et al., 2015) and occurrence of other postpartum reproductive problems, such as retained placenta, uterine prolapse, and postpartum uterine haemorrhage, the effect of metabolic stress, which is associated with high milk yield, on reproductive performance has received great interest among dairy practitioners and researchers (Collard et al., 2000; Fleischer et al., 2001; Raboisson et al., 2014) . The fertility traits (PPP, S/C, OP, CR, and CR to first service) that were considered in this study are those which are usually used by dairy practitioners to evaluate the reproductive performance of dairy cows (Kaewlamun et al., 2001; Abdel Gader et al., 2007; Walsh et al., 2011) . The results of the current study revealed poor reproductive performance of the selected dairy cows based on the standard values for fertility traits (McDowell, 1985; Hussain & Daneil, 1991; Opsomer et al., 1996; DeJarnette et al., 2007) . The poor reproductive performance observed in this study is attributable to the tropical conditions of Sudan under which the cows were reared, which has already been reported in Sudan (Abdel Gader et al., 2007) and in other tropical countries such as Ethiopia (Lobago et al., 2006) , Egypt (Hassanini et al., 2002; Hammoud et al., 2010) , South Africa (Goni et al., 2015) , and West Africa (Obese et al., 2015) . It is well known that the prolonged days from calving to conception are usually due to prolonged anoestrous (Chebel et al., 2006) or increased S/C (Badinga et al., 1985) or these factors together (Gilbert et al., 2005; Bahonar et al., 2009) . In this study, cows in G-1 (FSN cows) exhibited significantly (P <0.0001) shorter PPP and open period than the cows in G-2 and in G-3, and overall mean, whereas cows in G-3 had prolonged PPP beside the extra S/C. The relatively short PPP in G-1 and in G-2 can be explained based on the results of Hussain & Daniel (1991) , who stated that dairy cows inseminated 60-70 days postpartum exhibit low services per conception due to the completion of the uterine involution, as opposed to cows inseminated earlier than 60 days, which needed more inseminations to conceive. Although cows that exhibit prolonged PPP are expected to have fewer S/C, the longer OP in G-3, reported in this study, is attributed to the increased S/C together with increased PPP. This result is in agreement with Gilbert et al. (2005) and Bahonar et al. (2009) . These findings suggest the presence of health problems among cows in G-3. Many factors have been attributed to the low conception rate in dairy cows, such as uterine infections, mastitis and lameness (Toni et al., 2015) and metabolic disorders (Gross et al., 2011; Walsh et al., 2011; Raboisson et al., 2014) . In dairy farming, average days to first service are affected by the selected voluntary waiting period, heat detection efficiency and herd reproductive health. In this study, the cows were inseminated naturally and the practice of voluntary waiting period was not adopted, so that the effect of this factor and the effect of efficiency of heat detection on the average days to first service were less, so the probable cause of prolonged PPP is herd health with special emphases to metabolic disorders. Another factor is the selection of multiparous cows for this study, which are well known to have increased average days to first insemination and extra S/C compared with primiparous or nulliparous cows, because the multiparous cows have more milk yield and increased risk of metabolic disorders (Goshu et al., 2007) .
The metabolic profile test of dairy cows in the early postpartum period reflects the pathological feature of NEB and fat mobilization (Gross et al., 2011) . The test helps in identifying the biomarkers of decreased fertility (Tanaka et al., 2011; Esposito et al., 2014) . The associations between levels of blood metabolites during the early postpartum period and their consequent reproductive performance have been studied and have received great interest in dairy practice (Samarütel et al., 2008; Ali et al., 2014) . Determination of blood glucose and urea during the metabolic profiling test of dairy herds has been practised extensively (Drackly, 2001; Pandey et al., 2009; Kurykin et al., 2011) , but with few compatible results. The concentrations of blood glucose measured in all groups in this study were lower (P <0.0001) in samples collected at 1 and 4 weeks postpartum compared with samples collected at 7, 10, and 13 weeks postpartum. After four weeks' postpartum, glucose levels rose and remained steady in all samples. This result is in accordance with those of Odhiambo et al. (2013) and close to those of Teama & Gad (2014) , who reported that the level of glucose decreases in the blood of periparturient dairy cows, reaches the minimum levels in the first week of calving, then gradually increases. However, some authors (Garverick et al., 2013) have reported increased blood glucose levels during the first week postpartum. The decreased blood glucose level during the first week postpartum can be explained by the increased demand of glucose to produce milk, which cannot be satisfied by the intake of carbohydrate during this period as dairy cows undergo decreased appetite, or because of metabolic regulation in this period, as suggested by Gross et al. (2011) . Cows in G-1 had significantly higher (P <0.0001) blood glucose levels than the average in cows in G-2 and in G-3. These results indicated that the rate of conception to first service is related directly to blood glucose levels in postpartum dairy cows. These results are in line with those previously stated by McClure et al. (1978) and Selvaraju et al. (2002) . Khan et al. (2010) found significantly lower blood glucose in repeat breeding cows compared with normal cycling cows. Sabasthin et al. (2012) studied blood glucose and urea levels in repeat breeder and normal cycling buffaloes in India and reported lower levels of glucose and urea in repeat breeding compared with normal cycling buffaloes. Kumar (2014) found reduced blood glucose in repeat breeding cows compared with normal cycling cows. In contrast, Awasthi & Kharche (1987) reported increased glucose level in repeat breeding cows. The high level of glucose in repeat breeding cows reported by these authors can be justified by the presence of a problem such as endometritis. Ijaz et al. (2004) found increased levels of blood glucose in endometritic cross-bred cows and suggested that increased adrenocorticotrophic hormones were a cause of increased blood glucose in these individuals.
Blood urea levels in dairy cows and its association with fertility still represents a controversial subject among researchers because compatible results are limited. In this study, at 1, 4, and 7 weeks postpartum, the blood urea levels were higher (P <0.05) in G-1 than in G-2 and in G-3. However, at 10 and 13 weeks postpartum, significantly lower (P <0.05) urea levels were found in G-1and G-2 than in G-3. Providing an explanation for the pattern of concentrations of blood urea in fertile cows and repeat breeders is difficult, but could be attributed to metabolic regulation, as suggested by Gross et al. (2011) .
Linear regression was used to identify the correlation between blood glucose and urea levels and the PPP, S/C and OP. Blood glucose levels measured over the study period showed negative correlations with PPP, S/C and OP. This result indicated the role of glucose in leading all the metabolic process in the body and in the physiology of body organs, including the reproductive tract. Urea levels at 1, 4, and 7 weeks postpartum were negatively correlated with PPP, S/C, and OP, while the levels measured 10 and 13 weeks postpartum were positively correlated with these traits. As stated by Bell (1995) , this nitrogenous compound adversely affects the viability of sperms, ovulated eggs and embryos, a condition that could reduce conception rate and the implantation of embryos in the uterine body. Hammon et al. (2005) indicated that high plasma urea concentrations were associated with elevated ammonia and urea concentrations in the preovulatory follicular fluids on the day of oestrus and in the uterine fluid. Elevated ammonia or urea concentrations in the reproductive fluids with elevated plasma urea may contribute to reproductive inefficiency in dairy cows owing to a toxic effect on embryos. This result could explain the association between blood urea levels at 10 and 13 weeks postpartum and the decreased S/C in this study. Despite all these controversial results, the results obtained in this study identified the correlations between blood levels of urea measured at different stages of the postpartum period.
Conclusion
This study has provided a useful starting point and useful information about the reproductive performance and its link to postpartum blood glucose and urea levels of cross-bred dairy cows reared under tropical conditions of Sudan. The study concluded that, maintaining high blood glucose until the 13th week postpartum, high blood urea during the first seven weeks postpartum and low blood urea during the 10th and 13th week postpartum was associated with good fertility in dairy cows. This study could be a useful tool in improving the reproductive efficiency of a dairy herd.
